Fifteen patients with acute cerebral hemispheric infarcts have been studied with positron emission tomography and the oxygen-I5 steady-state inhalation technique. Thirteen follow-up studies were also performed. The values of cerebral oxygen metabolism (CMR02), cerebral blood flow (CBF), and oxygen extraction ratio (OER) have been calculated for the infarcted re gions, their borders, the symmetrical regions in contralateral cerebral hemi spheres, and the cerebellar hemispheres. This study demonstrates that in the Abbreviations used: PET, Positron emission tomography; rCBF, regional cerebral blood flow; rCMR02, regional cerebral oxygen metabolism; rOER, regional oxygen extraction. S Good d Clinical evolution of the illness: good, improvement of the general clinical condition; poor, static or deteriorating general clinical condition. MCA, middle cerebral artery; PCA, posterior cerebral artery; IC, internal carotid.
completed stroke there are thresholds for regional CMR02 and regional CBF below which the general clinical outcome of the patients is usually poor. The ischaemic lesions invariably produce an uncoupling between the greatly de creased metabolic demand and the less affected blood supply, with very fre The physiology of the nervous system is strictly dependent on a close relationship between perfu sion, metabolism, and local function. Any impair ment of one of these variables induces a chain of events that leads to the derangement of the others and to the further secondary aggravation of the ini tial change. In stroke, the aetiopathological event is a temporary or permanent reduction in perfusion beyond the capacity of the cerebral tissue to com pensate and maintain adequate metabolism, and, therefore, function.
Clinicians observe the end result, that is, neurological symptoms and signs; however, the steps leading to this final clinical picture are largely unknown. Experimental research on animal stroke models and the clinical application of techniques for the assessment of regional cerebral perfusion have made little improvement to our knowledge of these events, nor suggested any new therapeutic rationale.
The recent introduction of positron emission to mography (PET) has offered a unique potential for measuring cerebral blood flow and metabolism in humans, in vivo and noninvasively. The hypothesis is that a better understanding of the impairment of the balance between cerebral metabolism and blood flow in cerebral ischemia should offer new ideas concerning treatment and allow its objective monitoring. Hence, institutes with PET facilities have begun to study and report on these patients (Ackermann et aI., 1978; Baron et aI., 1978; Kuhl et aI., 1980; Baron et aI., 1981; Lenzi et aI., 1981) . This paper presents the first quantitative report of rCMR02 and rCBF in patients with stroke, studied in the acute phase of the disease with PET and with the steady-state oxygen-15 inhalation technique (Jones et aI., 1976; Frackowiak et aI., 1980) .
MATERIALS
Patients with acute, completed, ischemic cere bral infarcts were studied prospectively. Fifteen patients were successfully investigated at intervals from 1 to 34 days after the onset of symptoms. A second follow-up measurement was made in four patients. Three patients were studied three times and one patient on four occasions.
A total of 30 measurements were performed, of which 28 are reported in this paper. Two studies were discarded from the analysis because the physiological defect corresponding to a small cap sular infarct was unresolved by the positron tomo graph. Fifteen studies were omitted from this series for one or more of the following reasons: (a) patient movement during the measurement of the tracer's cerebral distribution-this invalidates quantifica tion; (2) morphological evidence of infarction in the posterior fossa; (3) initial measurement performed more than 5 weeks after the ictus; and (4) predomi nantly haemorrhagic infarction shown by x-ray CT scan. These restrictions were imposed a priori in order to limit the study to as reasonably homogene ous a pathology as practically possible.
Twelve infarcts were left-sided and three were right-sided. Ten patients suffered a major, three a moderate, and two a mild functional deficit. Ten patients were alert at their first examination, four stuporous, and one comatose. Six patients had pre viously documented hypertension and three pa tients had previous presumed cerebral ischemic episodes (e.g., reversible ischemic attacks, as de fined by Loeb (1978». One patient was diabetic. Six patients had known ischemic heart disease. The age range was from 27 to 88 years (mean 62.5 ± 16.1). Eleven were male and four female.
The evolution of signs and symptoms was fol lowed by clinical examination at presentation and then again within 24 h of positron scanning. The clinical picture at scanning and at follow-up for each patient is described in Table 1 . The heterogeneity of the patient population in terms of age at onset, risk factors, presumed antecedent physiological history, and site and extent of infarction, precluded any but the most general statement concerning clinical out come. All the focal functional defects were com- plete, and a moderate improvement in aphasia or power in the limbs was the maximal focal functional change observed. Patients were, however, graded into one group that showed a significant and marked improvement in general physical status between presentation and scanning, and a second group that remained static or declined. These two groups are named "good-" and "poor-outcome," respec tively. The criteria used in this assessment included the level of consciousness, the severity of the neurological deficit, and the final degree of inde pendence achieved following the ictus. This clas sification was used to assess the remote or generalized clinical effects of a focal cerebral in farct.
The control group consisted of 14 normal volun teers, aged 49-74 years (mean age, 61 ± 8), exam ined in our Center as part of a study of the normal population (Frackowiak et aI., unpublished obser vations) .
METHODS Quantification of regional cerebral oxygen me tabolism (rCMR02), regional oxygen extraction (rOER), and regional cerebral blood flow (rCBF) with PET and with steady-state oxygen-15 inhala tion technique has been fully described for normal humans in our previous publications (Frackowiak et aI., 1980; Lammertsma et aI., 1981) . The extension of the technique to stroke patients is neither simple nor linear, a problem shared by other approaches using tracer techniques, e.g., the F-18deoxyglucose model (Kuhl et aI., 1980) . In addition to the prob lems arising from the extension of the model from healthy tissue to infarcted brain, the methods of data analysis and presentation potentially affect the results and the conclusions drawn.
Ischemic infarcts are not uniform in size or site. They affect patients of different ages and are lo cated in different cerebral regions with different grey and white matter composition. Therefore, quantitative values per se do not necessarily linearly reflect the clinical severity of lesions. On the other hand, widespread and/or remote effects of regional lesions, which are often present, do not permit a reliable qualitative analysis of data on the basis of side-to-side comparisons. We have, there fore, chosen to analyze our data in a rigidly defined manner, being well aware that such a decision might decrease the potential sensitivity of the method but would also minimize the subjective manipulation of data.
The quantitative data have been obtained with the same procedures utilized in our previous work on normals (Frackowiak et aI., unpublished observa tions) and on patients with dementia (Frackowiak et aI., 1981) , i.e., using cerebral regions of interest of 9 x 9 pixels (2.25 x 2.25 cm) that, therefore, in evitably contain mixtures of cortical grey and un derlying white matter. These regions of interest were located in the center and at the anterior and posterior borders of the infarct. Strictly homologous regions of interest were located in the contralateral, unaffected hemisphere. A similarly sized region of interest was selected from that part of the contra lateral hemisphere with maximal values for rCMR02 and rCBF. Finally, a region of interest was located in each cerebellar hemisphere.
Thus, for each patient, nine regions of interest were analysed in which the mean values and stan dard deviations for rCMR02, rOER, and rCBF were calculated: (1) infarct; (2) contralateral mirror locus;
(3-4) borders of the infarct; (5-6) contralateral mirror loci; (7) peak; (8-9) cerebellar hemispheres. Figure 1 illustrates this analysis. In cases in which there was a reduction of rCMR02 and/or rCBF val ues by 80% or more from the normal in the infarcted region, the rOER values become statistically un certain due to the low levels of activity resulting in poor count rates. Such values were, therefore, not incorporated in the group analysis (2 cases). The data are presented as follows: (1) quantitative val ues (mean and standard deviation) from the indi vidual regions of interest, and (2) relative values, obtained by comparing mirror regions from the two hemispheres.
RESULTS

Normal Distribution
In normal subjects, the cerebral activity distribu tions for rCMR02 and rCBF were the same and there was no significant difference between left and right hemispheres for each variable. Figure 2 shows a representative PET scan from our series of 14 normal, "elderly" volunteers aged 49-74 years (mean age 61 ± 8) (Frackowiak et aI., unpublished observations) .
Long-term reproducibility was studied in normals (2-10 months apart). Variability was up to ± 12% for rCMR02 and to ±20% for rCBF. The mean re- gional values and standard deviations in these el derly normals was 3.75 ± 0.60 ml O2/100 mllmin for rCMR02; 39.3 ± 5.8 mlilOO mllmin for rCBF; and 0.56 ± 0.06 for rOER (cerebral blood volume uncor rected).
In the 12 stroke patients, 3 weeks after infarction, the mean regional values in the contralateral hemi sphere was 3.45 ± 0.85 ml O2/100 mllmin for rCMR02; 31.6 ± 5.81 mlilOO mllmin for rCBF; and 0.56 ± 0.10 for rOER, thus indicating a restitution of energy balance, but at slightly lower mean oxy gen consumption (-9%).
rCMR02 in the Core of the Infarct Ischemic infarction leading to a completed stroke results in a decrease of rCMR02 to values ranging from 0.5 to 2.5 ml O2/100 mllmin. In only one case 1982 was rCMR02 found to be in the normal range. No patient in the group studied showed full focal func tional recovery. Figure 3A shows the quantitative rCMR02 values for the infarcted region plotted against the interval from the onset of symptoms. Figure 3B shows the rCMR02 changes relative to the rCMR02 in the contralateral mirror focus for the same patients. This qualitative analysis is shown in an attempt to compensate for the different premor bid metabolic activities in the different patients. However, this type of comparative data is affected by global and/or remote changes secondary to the stroke, clinically reflected, for example, by the level of consciousness.
The data suggest that in the early phase (first 2 weeks) after the infarction, patients with a good final clinical outcome (as defined above) had a rCMR02 in the infarcted region that never fell below 1.25 ml O2/100 mllmin, or below 40% of the contralateral value. Some infarcted regions, when the size of the infarct was small, showed later meta bolic recovery. In the "stabilized" phase, that is, beyond 2 weeks following infarction, no rCMR02 separation between good-and poor-outcome groups is shown. This is paralleled by the lack of functional recovery observed clinically and reflects the degree of local brain death in the infarcted area.
rCBF in the Core of the Infarct
The pattern of rCBF change is less predictable than that for rCMR02 due to instances of both ab solute increases of rCBF in some patients (absolute "luxury perfusion" ) and to increases relative to metabolic demand in others (relative "luxury perfu sion"). These phenomena were observed mainly between the 6th and 21st day after infarction.
In the early phase, an absolute decrease of rCBF below 20 mlllOO mil min seems to correlate with poor clinical outcome. All the patients with a rCBF above 20 mlllOO mllmin showed some clinical im provement, except in one case with very high ab solute lUxury perfusion in which later further de terioration was observed, and one other case in which at follow-up, rCBF recovered to a nearly normal value.
In the cases where no absolute luxury perfusion was seen within the lesion, the average rCBF in the core of the infarct was 47% of normal, a less pro nounced depression than that of rCMR02 (36% of normal). Figure 4A shows the absolute values of rCBF in the infarcts. It indicates that rCBF remains well below normal both acutely and in the stabilized phase of the disease. Figure 4B illustrates the changes in rCBF relative to the contralateral side. This figure underlines the larger variability of rCBF. Comparing Fig. 4B and Fig. 3B , it appears that in the first few days after infarction, rCBF may be decreased (5 of 9 cases), normal (2 cases), or in creased (2 cases), whereas in all these cases rCMR02 was decreased. The rOER in the early phase invariably indicates uncoupling between flow and oxygen metabolism, that is, between energy supply and demand. The four cases with rOER values near to or within the normal range had similar decreases of both rCBF and rCMR02• In the stabilized phase, rOER tends to return to ward normal values, but remains, in general, lower cates two major trends during the early phase: either a profound depression, to values below SO% of normal, or an increase with respect to the con tralateral side. "Critical perfusion," that is, an in crease in rOER, was detected in one case. Luxury perfusion, defined by a decreased rOER, was the most common pattern of uncoupling seen in these patients (S out of 9) in the early phase. The occur rence and severity of uncoupling is more frequent in the earliest post-ictal than in later studies. In general, the pathophysiology of the tissue bor dering the infarct was similar to that observed in the infarct itself. The depression of rCMR02 and rCBF was, however, smaller. There was no correlation between rCMR02, rCBF, and rOER values and the general clinical outcome. While rCMR02 values were invariably decreased, rCBF values showed in creases in absolute, and, more frequently, in rela tive terms. Uncoupling of energy supply and de mand was present in the first 2 weeks in 11 of 13 studies, with critical perfusion in 2, and luxury perfusion in 9 cases. In the stabilized phase, rOER values were found to lie close to or within normal range, both in absolute and relative terms. Figure 6 shows values for rCMR02, rCBF, and rOER, absolute (A, C, and E) and relative (B, D, and F), all plotted against the time interval from the onset of symptoms.
Remote Effects of Cerebral
Hemispheric Infarction
Crossed Cerebellar Diaschisis
Cerebral hemispheric infarcts produced a parallel decrease in rCMR02 and rCBF in the cerebellar hemispheres contralateral to the side of the lesion. Comparing the affected side to the contralateral, the depression was 16 ± 22% for rCMR02 and 19 ± 27% for rCBF in the early phase of the infarction. The depression increased in the stabilized phase, reaching 2S ± 20% for rCMR02 and 27 ± 23% for rCBF. The side-to-side variability in normal volun teers never exceeded ± IS% for the cerebellar hemi-spheres. There was no correlation between the de gree of crossed cerebellar diaschisis and the general clinical outcome of the patients. The crossed cere bellar diaschisis was not evident in cases in which the dimensions of the infarct were small.
In three cases, there was a small depression of rCMR02 and rCBF in the ipsilateral cerebellar hemisphere. Two of these patients had had previous infarcts in the other cerebral hemisphere and the third had an infarct confined to the anterior tem poral lobe. When the infarct predominantly in volved the parietal lobe, the crossed cerebellar diaschisis was SO% greater than in cases where the lesion affected anterior regions only. Figure 7 shows the changes in cerebellar rCMR02 and rCBF as percent ipsilateral to contralateral from the cere bral infarct.
Posterior Fossa Effects
In the posterior fossa, a correlation between level of consciousness at scanning, metabolic activity, and flow was observed. Patients with impaired con sciousness at the time of the study had lower mean values for rCMROz and rCBF (Table 2) than did patients with normal consciousness and normal volunteers. Due to parallel decreases in rCMR02 and rCBF, the rOER remained normal. In patients with preserved consciousness at scanning, rOER was significantly lower than in the normal group. These data may reflect the decreased functional needs of the comatose-stuporose patients. Since rOER was within normal limits, they do not support a primary ischemic mechanism due to mechanical (increased intracranial pressure) obstruction for the observed metabolic depression.
Transhemispheric Depression (Diffuse Diaschisis)
Patients with impaired consciousness showed lower mean rCMR02 and rCBF in the cerebral hemisphere contralateral to the infarct than did pa tients who were alert at the time of the study. Pa tients with unimpaired consciousness showed a modest reduction in rCMR02, while rCBF remained within normal limits (Table 3) . Thus, for these pa tients, the rOER decreased, signalling a relative luxury perfusion situation presumably due to the decreased metabolic needs.
That the effect is generalized is indicated by com paring the "peak" regions of interest in the early and in the stabilized phases. In the early phase (14 studies), peak rCMROz was 3.96 ± 1.21 ml 02/100 ml/min, peak rCBF was 43.4 ± 25.2 ml/l00 ml/min, and peak rOER was 0.50 ± 0.12. These three vari ables in the stabilized phase (15 studies) were, re spectively, 5.02 ± 1.14, 43.6 ± 10.6, and 0.59 ± 0.08. These data indicate that the main effect of the acute infarct is on oxygen uptake, with an uncou pling from flow that results in a relative over perfusion of the brain. After 21 days, the tendency is for re-coupling of metabolism to flow. Further more, only for rCMR02 is the difference from early to stabilized phase statistically significant (p < 0.05).
Mirror Diaschisis
In addition to this generalized effect over the contralateral hemisphere, regional variations ap peared. In particular, a decrease in oxygen metabo lism and blood flow was detected in the "mirror to the infarct" regions of the contralateral hemisphere, in which no morphological abnormalities were seen. This was present in the first 2 weeks (5 of 14 cases) but not later (1 of 15 cases). Both rCMR02 and rCBF were 70% or less than the values in the adja cent "border" regions. In the early phase after in farction, this focal depression was often superim posed on the previously described generalized de pression of oxygen consumption and flow.
Longitudinal Studies
Due to its essential noninvasiveness, the steady state oxygen-IS inhalation technique is suitable for repeated studies of patients during the course of disease. Follow-up studies were performed in 9 of the 15 patients in the present series, and they are identified by data-linking in Figs. 3-7B . These follow-up studies show the natural history of the mismatching between flow and metabolism in indi- 2.43 ± 0.44 0.10" 23.9 ± 6.10 0.025' 0.54 ± 0.09 0.025" a Level of significance (one-tailed t test) for "elderly normal" group compared to "alert" group. b Level of significance (one-tailed t test) for "elderly normal" group compared to "stupor�coma" group.
" Level of significance (one-tailed t test) for "alert" group compared to "stupor�coma" group.
vidual patients. However, general trends were not evident when a statistical analysis of the data was performed.
The detailed results of two individual cases are presented. They serve to illustrate the two opposite patterns of uncoupling seen in ischemic cerebral infarction. Figure 8 shows three studies performed on pa tient no. 8. (See Table 1 for clinical details.) There is uncoupling between rCBF and rCMR02 in both the infarct and its borders, with absolute luxury perfu sion that lasted at least 10 days in the core of the lesion. Figure 9 shows three studies performed on pa tient no. 7. (See Table 1 for clinical details.) In this patient, the uncoupling between rCBF and rCMR02 was opposite to that in the previous case, with an J Cereb Blood Flow Metabol, Vol. 2, No.3. 1982 increase in rOER in the lesion and its borders during the early phase. By the 29th day after infarction, a reversal had occurred with relative luxury perfusion in the core of the lesion. Figure 10 shows, in these two cases, how rCMR02, rCBF, and rOER varied with time in the center of the lesion (top) and in its borders (bottom). The data are expressed in a qualitative way by com paring the infarcted regions to the contralateral, "mirror" foci. In both cases, the final pattern was a relative luxury perfusion within the infarct, and re coupling in its borders.
DISCUSSION
This paper presents the first quantitative regional study of CMR02, CBF, and OER in patients with cerebral ischemia leading to completed infarction. Therefore, general aspects of the study require dis cussion before proceeding to the results and their implications. Three major points need critical examination: (a) the extension of the steady-state oxygen-I5 inhalation technique to the study of ab normal cerebral tissue; (b) the method of data analysis; and (c) the characteristics of the patient population studied.
We refer to our previous papers for a detailed exposition of the study of cerebral physiology in normal humans by the oxygen-I5 inhalation tech nique and PET (Frackowiak et ai., 1980; Lam mertsma et ai., 1981) . As far as the extension of this technique to diseased tissue is concerned, we share the reservations of Kuhl et ai. (1980) , namely, that "interpreting the quantitative relationships" of per centage differences existing between values of per fusion and glucose metabolism "for focal lesions will remain problematic until there is more certainty of the trapping conditions for" the utilized tracer "in all states of diseased tissue."
However, the oxygen-I5 technique may, in some respects, be considered more reliable than the 18 F _ deoxyglucose technique for the study of pathologi cal cerebral tissue. Molecular oxygen, at the sub cellular level, has only one metabolic pathway: coupling with H+ ions produced in the cytochrome system to form "metabolic" water. Being freely diffusible, oxygen is not affected by alterations of cellular membrane permeability or specific trans port mechanisms. Thus, a decrease in rCMR02 re vealed by this technique indicates a true decrease in cytochrome function, which represents a funda mental step in oxidative metabolism-the only energetic pathway for neurons under normal condi tions.
Obviously, if neuronal metabolism in particular conditions utilizes pathways or substrates that do not reach the final cytochrome oxygen -hydrogen coupling, the oxygen-I5 inhalation approach will show a decreased CMR02 but the neuronal function may be unimpaired. However, it seems logical to assume that any impairment of the cytochrome system reflects a true impairment of the correct metabolic function of the cerebral tissue.
Lesser reservations are needed when considering that part of the oxygen-15 technique concerned with the quantification of rCBF. Labeled water may be considered as freely diffusible (Raichle et aI., 1974) in healthy and ischemic tissue for the values of flow observed in humans, in contrast to data obtained in the rhesus monkey (Eichling et ai., 1974) . Our group (Lammertsma et aI., 1981) has shown that rCBF measurements in the grey matter are within 6% of their actual values. The procedure used for the regional quantitative analysis of the data is similar to that described in our recent report on dementia . The use of large regions of interest, and ac ceptance of the limitations on the absolute nature of the quantitative data that this imposes, is more than offset by increasing the unbiased nature of the mea surements and allowing for objective assessment of regional information.
The use of a rigid system of siting regions of interest imposed other limitations. The definition and siting of the infarcted and border regions of interest was guided by conventional CT scanning, but a certain amount of sUbjectivity was unavoid able. The border regions of interest include a mix ture of healthy and ischemic tissue, since they com prise ill-defined regions of transition between dam aged and normal tissue. No attempt was made to site the infarct and border regions of interest ac cording to cerebral arterial territory.
J Cereb Blood Flow Metabol, Vol. 2. No.3, 1982 Besides the limitations imposed by their defini tion, both anatomical and physiopathological, the border regions of interest hold great interest with regard to the final clinical outcome, because these areas may contain regions in which the damage is still potentially reversible and in which, therefore, therapy could be effective. The quantitative values have been presented together with relative values comparing homologous contralateral regions. Both presentations contain intrinsic limitations. Quan titative values do not take into account the age of the patient, the previous condition of the brain, or the size, the position, and the grey-to-white matter composition of the infarcted region. On the other hand, relative values do not take into account dis tant effects of local lesions, and assume a compari son between diseased and normal tissue that is not necessarily true. In addition, they do not allow in terpretation of follow-up studies in the meaningful way that quantification allows.
The observations of the present study are further limited by the inhomogeneity of the patient popula tion. The present patient series is homogeneous only in that all patients suffered an acute ischemic cerebral infarct resulting in a completed stroke. Age, aetiopathogenesis, risk factors, and previous illnesses were widely heterogeneous. We must ac cept that cerebral infarction is an exceedingly di verse disease, and analysis of the pathophysiology implies that great care must be taken in defining appropriate homogeneous patient populations to answer specific questions of the natural history, aetiopathogenesis, or effects of therapy. Keeping in mind these reservations and limitations, it is possi ble to discuss the results and the findings of the present study.
In the infarcted regions, thresholds for rCMR02 and rCBF were identified below which the general clinical outcome of the patient (as defined) was poor. The correlation between low rCBF values and poor outcome has been described by many authors (Fieschi et aI., 1968; Wong et aI., 1973; Heiss, 1979) . However, rCMR02 is a more reliable index of the clinical outcome. An rCMR02 decrease below 40% of the values in the contralateral hemi sphere invariably correlated with a poor outcome.
The disturbance of the relationship between CBF and metabolism in the infarcted region was a con stant finding. Our data agree with the reports of Baron et aI. (1978) and of Ackerman et aI. (1981) on the high frequency of luxury perfusion, i.e., de creased OER, and on the low occurrence of critical perfusion, i.e., increased OER. Our subsequent ob servations strongly indicate that this is a time dependant phenomenon, the proportion of "critical perfusion" instances markedly increasing the closer to the ictus the PET study is performed (Wise et aI., unpublished observations).
We emphasize that rOER values are reliable only if the reduction in rCBF and rCMR02 is not too profound. When the number of counts per pixel is less than approximately 18% of normal, the rOER value is greatly affected by statistical variations. In our series, we have rejected two rOER values be cause of this uncertainty. On the whole, the data from the infarcted area indicate no recovery of oxy gen metabolism if, 48 h after the onset of symptoms, the rCMR02 values are below 60% of their con tralateral mirror values.
In the borders of the ischemic lesion, the changes in rCMR02 are similar to those observed in the core of the lesion, the impairment being of a lesser de gree. As previously found by Baron et al. (1980a) , in no case was a hypermetabolic rim seen. This may complement the report (using the 18F-deoxyglucose technique) by Ginsberg et al. (1977) of a ring of glucose hypermetabolism that is probably reflecting increased anaerobic glycolysis. Increases in CBF were frequent, particularly in relation to the meta bolic demand, thus signaling uncoupling of aerobic glycolysis.
Ischemic lesions affecting one cerebral hemi sphere are shown to produce generalized and re mote effects on other structures of the brain, e.g., crossed cerebellar diaschisis and transhemispheric depression, both diffuse and focal. The phenome non of crossed cerebellar atrophy was described by neurologists of the last century (see Dow and Moruzzi, 1958) . Recently, Baron et al. (1980h) have described "a decrease in blood flow without change in OEF (OER) , i.e., a matched decrease in CBF and oxygen metabolism in the cerebellar hemisphere contralateral to the supratentorial infarct" . These authors suggest a deactivation secondary to inter ruption of a cerebro-cerebellar loop. They did not find metabolic depression in the contralateral cere bellar hemisphere beyond 2 months after su pratentorial infarction. This is a curious finding if the crossed cerebellar atrophy is a morphological correlate of the physiological disturbance. Our data indicate that the phenomenon is observed up to the 50th day past infarction, being slightly greater in the later weeks than in the earlier weeks. In the six cases studied after the 50th day, crossed cerebellar diaschisis was present and was greater than that seen at earlier stages (Lenzi et aI., 1981) .
The parietal cortex seems to play an important role in the development of crossed cerebellar dias chisis, in accord with the recent experimental data of Dauth et al. (1980) and with the as yet scanty knowledge of the cortico-ponto-cerebellar con nections (see Brodal, 1969) . Another possible mechanism is that a relative deafferentation of the cerebellar hemisphere ipsilateral to the hemiplegic side occurs.
The transhemispheric depression of rCMR02 and rCBF, as well as their depression in the posterior fossa, shows a clear-cut and easily understandable correlation with impairment of consciousness, as described by many authors (see Kety, 1956; Sokoloff, 1971 ). In addition, it is observed that pa tients with preserved consciousness nevertheless showed low rCMR02 values over the entire con tralateral hemisphere, with normal rCBF. In the early phase after infarction, a further local decrease of oxygen uptake and flow was detectable in nearly 50% of the cases in the contralateral locus from the infarct. These phenomena, contralateral diaschisis and mirror diaschisis, appear to reflect a primary metabolic impairment, as suggested also by the sig nificant decrease in rOER, which is a situation sim ilar to that reported in post-traumatic coma (Fieschi et aI., 1974) . The definition of diaschisis rests on the lack of anatomical correlates of these physio logical patterns. They are typical of the immediate post-infarct period and do not have obvious func tional clinical correlates.
The follow-up studies serve to emphasize the potentials as well as the limitations of the investiga tive technique.
The measurement of cerebral oxygen consump tion and blood flow in a reproducible manner at a regional level, allowing ischemia to be quantified, represents a considerable methodological step in the study of the pathophysiology of cerebral infarc tion. The limitations arise more from the object of the study than from the utilized technique. That is, the cerebral infarcts disrupt the precise balance between energy supply and demand, and whereas a profound decrease in oxygen metabolism is the pathophysiological counterpart of late structural damage, rCBF and rOER behave less predictably and may vary widely in the same patient over short periods of time.
This uniqueness of individual stroke leads to the following general remarks:
1. Generalized conclusions drawn from studies on cerebral metabolism and flow in stroke cannot be made if the patients are not homogeneous in terms of rCMR02-rCBF balance.
2. The natural history of stroke must be clarified in terms of rCMR02-rCBF balance in the very first hours as well as in the first days after the ictus. This requires a large body of well-documented, indi vidual case studies to build up the overall picture in this physiologically heterogeneous patient popula tion.
3. The interpretation of data gathered so far must be tempered by a careful consideration of uncer tainties regarding (a) the tracer behaviour in infarc ted tissues and (b) the biochemical natural history of infarcts.
The protean, dynamic nature of post-ischemic pathophysiology is well-known to clinicians and has been hinted at by rCBF studies. Now PET has per mitted a direct demonstration of these changing patterns and of their evolution. We feel that PET may open the "black box" of cerebral infarction and offer the possibility of decoding the messages provided by the clinical signs and symptoms in stroke, thus suggesting more logical therapeutic rationales in this disease.
